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BACKGROUND OF THE INVENTION 

The invention pertains to a process for the video recording of field illuminated by a lamp, 
especially a surgical lamp, where at least one light beam for illuminating the field emerges in 
the direction of a predetermined housing axis from at least one light exit area of a lamp 
housing. The invention also pertains to a corresponding device. 

A process for transmitting video signals and an image transmission system for surgical 
lamps is known from DE 195-23,377 CL For this purpose, a surgical lamp is equipped with a 
video camera near the lamp housing to produce external images of the surgical field in 
association with a monitor screen and a control device. An adjustable suspension device is 
used to connect the lamp housing to a hanger bracket on the ceiling of the operating room. 

Figure 1 of this DE reference shows a lamp in which the video camera is mounted off- 
center. 

The problem with a setup such as this is that any adjustment of the surgical lamp relative 
to the object bemg recorded, i.e., the surgical field, also results in a change in the orientation 
of the image with respect to the surgical field, i.e., a change in the appearance of the field 
being shown. As a result, it is possible that the rniage being reproduced will be appear to the 
surgeon to be displaced or rotated with respect to the original view of the surgical field. 

An image transmission system for a video camera in conjunction with a surgical lamp 
and a control device with a monitor screen and a control unit is also known from EP 0,989,744 
Al, which system has at least one image sensor in the camera, which is mounted in an 
adjustable support, where the control unit actuates at least one drive device to position at least 

the image sensor relative to the object being recorded. The video camera in this case is 
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connected to the body of a surgical lamp, which is held in a stationary mount by means of an 
adjustable suspension. At least the image sensor of the video camera is supported with 
freedom to rotate around its optical axis, and the video camera is mounted in a swivel bearing 
located in the body of the surgical lamp, the axis of the swivel bearing extending 
approximately perpendicular parallel to the optical axis of the video camera. 

The problem here is that only a frontal view m the direction in which the object being 
recorded is illuminated is possible. 

When the camera, especially a video camera, is to be attached to a lamp, such as a 
surgical lamp, it can be necessary or desirable to mount the camera outside the optical axis of 
this lamp. In this case, the optical axis of the camera must be at an angle to the optical axis of 
the lamp so that it can illuminate the center of the field. We speak in this case of a parallax 
between the two objects. 



SUMMARY OF THE INVENTION 



The task of the invention is to correct the parallax associated wifli a shift in the position 
of the lamp with respect to the illuminated object in such a way that the optical axis of the 
camera or video camera is redurected to aim at the center of the illuminated field again after the 
lamp has been shifted. 

The task is accomplished according to the process of the mvention in that tihie optical axis 
of the video camera, which is set up in an adjustable or swivelable manner a certain distance 
away from the point where the light beam exits the lamp, is shifted automatically by means of 
a positioning element until it intersects the minimum of one light beam in the area of the 
illuminated field. 

It has been found advantageous to have the ability to view tiiie illummated object from 
different perspectives, so that even remote observers can obtain an accurate image or derive a 
3-dimensional impression of the object on 
the associated monitor. 

The positioning element is preferably driven by signals from a control unit. 

In a preferred embodiment of the process, the video camera is shifted in stepwise manner 
relative to the given axis of the lamp housing until the optical axis of the camera at least 
approximately intersects the light beam or the given (housing) axis. 

The video camera is preferably shifted in a stepwise manner. The distance to the 
illiuninated field is determined by sharpening the focus with the help of the autofocus function 
of the video camera, and then signals are sent from the control unit to the camera positioning 



element to compensate for the parallax between the optical axis of the camera and the light 
beam or beams. 

It has been fomid advantageous for the image to be enlarged before the fine adjustment 
of the focus. For this purpose, before the fine-focusing function is activated, i.e., before the 
autofocus function of the camera is activated, for example, the focal length of the zoom lens is 
increased to the maximum ("TV" setting). After the image has been fme-focused, the focal 
length is set back again to the original value. 

^ It is advantageous for the orientation of the optical axis of the camera to be corrected in 
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1=* an iterative manner. 

if The process is carried out by a lamp, especially a surgical lamp, with at least one lamp 
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^ housing, from which at least one light beam for illuminating an illuminated field exits in the 

Si 

m direction of a predetermined axis. The lamp housing has at least one video camera, which is 
£ set up a certam distance away from the exit area of the light beam or beams or from the 
predetermined axis. The optical axis of the video camera can be shifted automatically with 
respect to the minimum of one light beam or the predetermined axis by a positioning element 
in response to positioning signals from a control unit until the optical axis of the camera 
intersects the illuminated field. 

It has been found advantageous for the camera to pan rapidly, which takes place ahnost 

automatically. 

In a preferred embodiment of the lamp, a control unit or tracking conttoUer is provided 
to drive the video camera positioning element. The unit or controller receives driving signals, 
which depend on the orientation of the predetermined axis of the lamp housing and the distance 
to the illuminated field, measured from the camera. 
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It is advantageous for the distance to the illuminated field to be corrected in an iterative 
manner, where the information on the orientation of the camera sent to the control unit is based 
on the number of completed adjusting steps, and where the information on the distance to the 
illuminated field is provided by the autofocus function. From this information, it is easy to 
determine tiie distance between the lamp housing and the illuminated field on the basis of a 
trigonometric conversion, inasmuch as the distance between the axis of the lamp housing and 
the video camera always remains die same. 

An angle sensor, which detects the orientation of the optical axis of the camera m space, 
can also be used to generate the various driving signals. 

The various features of novelty which characteriiie the invention are pointed out with 
i particularity in the claims annexed to and forming a part of the disclosure. For a better 
understanding of the invention, its operating advantages, and specific objects attamed by its use, 
reference should be had to the drawing and descriptive matter in which there are illustrated and 
described preferred embodiments of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
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Figure 1 is a longitudinal section through a surgical lamp according to the invention, 
where the lamp and the path of the beam are illustrated schematically; and 

Figure 2 is a functional block diagram in the form of a flow diagram to illustrate the 
sequence of operations by which the optical axis of the video camera is controlled. 
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nKTAIT.RD DESCRIPTION OF THE PREFERRED EMBODIMENTS 



According to Figure 1, the lamp housing 1 of the surgical lamp has a ring-shaped 
reflector 2, shown here schematically, which is illuminated by at least one centrally located 
light source 3 — on a longitudmal axis 4 — in the position indicated schematically. The ring- 
shaped reflector 2 is designed so that an axially symmetric or concentric light beam 5 (only 
part of which is shown for the sake of clarity), extending along the longitodmal axis 4, is 
formed, which ensures that the field 8 will be illuminated without cast shadows. As a result, 
any objects which may be projecting into the light beam 5 such as the surgeon's instruments, 
the surgeon's hands or head, etc., will not cast any shadows, and thus the surgical field will 
remain well-lit at all times. 

On the bottom 9 of the lamp housing 1, i.e., Ihe side facing the illummated field 8, a 
video camera 11 is placed off-center with respect to the longitudinal axis 4 and a certain 
distance away from the light source 3. This camera 11 makes it possible for an observer to 
obtain a perspective view of the surgical field, such as a wound, on a display screen. The 
video camera 11 is mounted by suitable joints on a bracket 12, so that its optical axis 13, i.e., 
the pivoting angle of the camera 11 (angle between the optical axis 13 and a plane or light 
exit surface perpendicular to the axis 4) can be adjusted by means of a positionmg element (not 
shown here) in such a way that the optical axis 13 is directed at the center pomt M of the 
illuminated field 8 and thus intersects at least approximately the longitudinal axis 4 withm a 
small encompassing circle. As soon as the distance a between the lamp housing 1 or the light 
exit surface 6 and Uie illuminated field 8 is decreased from a to a', the optical axis 13 of the 
camera must converge more sharply if it is to continue to aun directly at the new center M' of 
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the illuminated field 8'. The realignment of the optical axis associated with the decrease to 
distance a' is designated 13'. 

Because the distance C between the camera 11 and the illuminated field 8' has now been 
decreased to a value C, it is possible, on the basis of a trigonometric calculation (cos 5 = 
R/C, cos 8' = R/C) to determine the angle 8' by means of the arc function, from which the 
distance a (a = c»sin 8, a' = c'«sin 8') can also be obtained. 

On the basis of the new calculated angle 8' , the camera 11 is swiveled in steps by means 
of a control unit (not shown here) and a drive motor acting as a positioning element until the 
value calculated for 8' is reached. 

Conversely, when the distance between the light exit surface 6 of the lamp housing 1 
shown here schematically and the illummated field 8" is increased to a" a wider angle of the 
optical axis 13" is set, so that the video camera 11 can continue to supply an image of the 
center of the illuminated field 8" The corresponding trigonometric equations are in this case: 
C0S8 "= R/C" anda"= c"«sin5 " 

With the help of a control unit (digital processing unit, not shown here for the sake of 
clarity), the parallax is corrected m steps as follows in a furst embodiment according to Figure 
2: 

1. Measure the distance. 

2. Set the angle in correspondence with the distance. 

3. Measure the distance. 

4. If result 1 is not equal to result 3, go back to 1. 

In principle, it can be assumed that this mediod is stable even in unfavorable cases after 
a few (no more than four or five) steps. To detect errors, the control imit is programmed so 



that, when the process does not stabilize, the angle is set to a standard distance (in the case of 
surgical lamps, this distance is one meter). 

With the help of the control imit, furthermore, the parallax is corrected 
in steps as follows in a second embodiment: 

1 . Measure the intensity of illumination. 

2. Tilt the camera one step outwardly. 

3. Measure the intensity of illumination. 

4. If result 3 is larger than result 1, go back to 1; otherwise, continue with 5. 

5. Measure the intensity of illumination. 

6. Tilt camera one step inwardly. 

7. Measure the intensity of illumination. 

8. If result 7 is larger than result 5, go back to 5. 

In this embodiment, preferably the brightness signal provided in any case by a video 
camera (for surgical lamps) as part of the automatic illumination setting function is used to 
determine the intensity of illumination. 

As an alternative, the intensity of illumination can also be determined by means of a light 
meter installed m or on the video camera. 

It has been found to be especially advantageous for the sensor or sensors and the 
adjusting elements to be in the video camera 11 or to be connected to its bracket 12, so that a 
compact regulation or control system can be obtained under good hygienic conditions. 

With the help of the autofocus function built into the camera 11, tiie distance between the 
illuminated field 8 and the camera 11 is determined, and then a correction is made for the 
parallax to die extent that parallax compensation can be accomplished on the basis of the 
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known distance between the camera and the illuminated plane. This is accomplished 
preferably in an iterative manner, as will be explained below on the basis of an example: 

In its original task position, the lamp is 1.3 m away from the wound, for example, and 
then it is lowered to a distance of, for example, 0.8 m. The parallax setting must then be 
recalculated and reset. In practice, it often happens that, when the lamp body is moved, it 
assumes a new angle to the operating table. In this case, the distance which the camera 
measures under the original parallax, which is correct for 1.3 m will not be correct for the new 
axis of the lamp, because, as a result of the slanted position of the lamp, the distance between 
the peripheral part of the lamp body (that is, the area farther toward the outside) and the 
wound is different than that in the middle of the lamp. After the first parallax correction, the 
camera is therefore positioned closer to the axis of the lamp, but it is still not in the completely 
correct position. In addition, the image will be rather out-of-focus, because the fine focusing 
was, after all, done before the lamp was tilted. 

For this reason, when the lamp is not aimed directly at the object to be recorded, the 
parallax correction must be repeated several times until both the distance measurement and the 
angle adjustment are stable. This means that, first, when the lamp housing 1 is shifted, the 
optical axis of the video camera 11 is swiveled in such a way that the optical axis 13 and the 
longitudinal axis 4 at least approximately intersect. As a result of this stepwise increase in the 
angle of convergence between the two axes, the optical axis 13 arrives in the same cross- 
sectional plane as that of the illuminated field 8, whereupon the distance is measured by the 
autofocus function of the video camera 11. After both the angle of inclination of the optical 
axis 13 to the longitudinal axis 4 and the distance between the illuminated field 8 and the video 
camera 11 are known, the trigonometric relationships are calculated by means of a preferably 

10 



digital control unit, whereupon the optical axis 13 of the video camera 11 is adjusted in such a 
way that it mtersects approximately the longitudinal axis 4 of the lamp housing 1 in the center 
of the illuminated field 8, with the result that the image recording process is free of parallax. 

Thus, while there have been shown and described and pointed out fiandamental novel 
features of the present invention as applied to a preferred embodiment thereof, it will be 
understood that various omissions and substitutions and changes in the form and details of the 
devices illustrated, and in their operation, may be made by those skilled in the art without 
departing from the spirit of the present invention. For exan^le, it is expressly intended tiiat all 
combinations of those elements and/or method steps which perform substantially the same 
function in substantially tiie same way to achieve the same results are witiiin the scope of the 
invention. Substitutions of elements from one described embodiment to another are also fiilly 
intended and contemplated. It is also to be understood that tiie drawings are not necessarily 
drawn to scale but that they are merely conceptual in nature. It is the intention, therefore, to be 
limited only as indicated by the scope of the claims appended hereto. 
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